MATERIALS AND METHODS Acetone powders of a 20,000g pelet fraction from spinach leaves (Spinscia oleracea L.) synthesized 14-14CIcholesteryl esters when incubated with 14-'4Clcholesterol The reaction was hibited by ditonLThere was a recocal relationship between the decline of label in cholesterol aad its incorporation into cholesteryl ester, nicating that free cholesterol was the direct precursor for cholesteryl ester biosyntbesis. The hydrolysis of cholesteryl 1I-'4Clpahnitate into free cholesterol and 11-4ClpahMitate was not detected in these acetone powder preparatios. Exogenous cholesteryl pamitate had no effect on the esterification of 14-'4Clcholesterol. The data indicate that an esterase-type mechanism was not involved in the biosynthesis of these steryl esters. Label from i1-'4CIpahnitoyW-oA was incorporated into steryl esters when incubated with spinach leaf acetone powder preparations. The optimal buffer for steryl ester biosynthesis was 2-(Nmorpbolino)ethanesu ffoate and the optimal pH was 6. lodoacetamide, Nethyhmalelmide, and dithiothreltol had no effect on the esterification reacfton. Ethylned amlnetetracetate, MgC92, CaC12, MnCI2, and ZnSO4 in- Very little is known at present about plant steryl ester biosynthesis. Labeled mevalonic acid is readily incorporated into free sterol, steryl ester, and steryl glucoside (steryl glucoside + acylated steryl glucoside) when incubated with tobacco seedlings (4). All parts of the geranium plant are capable of synthesizing sterols and triterpenes and their esters when incubated with labeled mevalonic acid for several days (1). When labeled sitosterol was applied to an upper leaf of a geranium plant, large amounts of free sterols and steryl glucosides, but only trace amounts of steryl esters, were found in most of the plant parts examined 1 week after the application (2). After incubating intact tobacco seedlings with 14-C]cholesterol or [4-14CJsitosterol for 24 hr, Bush and Grunwald (5) Acetone Powder Preparation. Spinach leaves )Spinacia oleracea L.) were purchased from the local markets. The petioles were removed and the leaves were washed in glass-distilled H20. The washed tissue was stored overnight in plastic bags at about 5 C. In a typical preparation, approximately 200 g of washed spinach leaves were finely minced with a food chopper at about 5 C and then added to 300 ml of homogenizing buffer (450 mm sucrose, 10 mM tris-HCI, I mm EDTA, pH 7.5) at 0 C. The mixture was homogenized in a Waring Blendor with four 2-sec bursts. The homogenization and all of the following steps were done at about 0 C. The homogenate was filtered through three layers of cheesecloth and the filtrate was centrifuged at 3,000g for 15 min. The 3,000g supernatant was centrifuged at 20,000g for 30 min. The 20,000g pellet was resuspended in 4 ml of 100 mm Tris-HCl (pH 7.5) and was homogenized to uniformity with a Potter-Elvehjem homogenizer. The suspension was added slowly to 70 ml ofrapidly stirred acetone. The precipitated protein was allowed to settle for 10 min before centrifuging at l0,OOOg for 10 min. The acetone was decanted and 70 ml of fresh acetone was added. The protein pellet was then extensively triturated before being recentrifuged at l0,OOOg for 10 min. 
Very little is known at present about plant steryl ester biosynthesis. Labeled mevalonic acid is readily incorporated into free sterol, steryl ester, and steryl glucoside (steryl glucoside + acylated steryl glucoside) when incubated with tobacco seedlings (4) . All parts of the geranium plant are capable of synthesizing sterols and triterpenes and their esters when incubated with labeled mevalonic acid for several days (1) . When labeled sitosterol was applied to an upper leaf of a geranium plant, large amounts of free sterols and steryl glucosides, but only trace amounts of steryl esters, were found in most of the plant parts examined 1 week after the application (2) . After incubating intact tobacco seedlings with 14-C]cholesterol or for 24 hr, Bush and Grunwald (5) recovered approximately 1% of the label as steryl ester. Grunwald (9) has reported that tobacco seedlings can hydrolyze [4-14C] cholesteryl palmitate to free [4-'4C] cholesterol, implying the presence of a steryl ester hydrolytic activity in these plants.
These in vivo studies with whole plants have established the ability of higher plants to synthesize steryl esters from free sterols as well as their ability to hydrolyze them. Steryl Reaction Mixtures. The [4-14C] cholesterol and unlabeled cholesterol were added to the acetone powder in acetone at 0 C and the acetone was removed under vacuum for 30 min at 0 C before the enzyme-substrate mixture was homogenized to uniformity in 100 mm MES-NaOH (pH 6) at 0 C with a Potter-Elvehjem homogenizer. In the optimal buffer studies, the enzyme-substrate mixture was homogenized in water at 0 C. The reaction mixtures contained 44,400 dpm [4-14CJcholesterol (56 mCi/mmol), 0.2 mm cholesterol, 100 mM MES-NaOH (pH 6), 10 mg of acetone powder (3 mg of protein), and water to make a total volume of I ml. The reaction was initiated by the addition of the enzyme-substrate shaking incubator at 30 C for 5, 10, 20, 30, 40, 60, 80, or 120 min.
The incubations were terminated by adding 3 ml of CHC13-CH30H (1:2, v/v).
Extraction, Isolation, and Counting of Labeled Cholesteryl Esters. The lipids were extracted according to the method of Bligh and Dyer (3) and were separated into individual components by one-dimensional TLC. The lipid samples plus carrier cholesteryl palmitate were applied in small aliquots of chloroform to Silica Gel G TLC plates that had been activated at 110 C for 1 hr. The plates were then developed in benzene-chloroform (40:60, v/v). This method separated cholesteryl ester (RF approximately 0.75) from cholesterol (RF approximately 0.10). Cholesteryl ester areas were detected by spraying the thin layer chromatograms with 1% (w/v) iodine in methanol. The iodine was allowed to sublime off the plates overnight. In some cases, radioactive areas were detected by autoradiography. The radioactive areas were then scraped into scintillation vials, 10 ml of liquid scintillation fluid (10 g of PPO + 0.6 g of POPOP + 2 liters of toluene) were added to each vial, and the samples were counted for 10 min in a Nuclear-Chicago 720 series liquid scintillation system. Quenching was corrected by the channel ratio method. (Fig. 1) . Although 51 C appeared to be the optimal temperature, routine assays used 30 C since it was not known whether the enzyme was stable at 51 C beyond a 12-min incubation. The optimal buffer for steryl ester biosynthesis was MES-NaOH and the optimal pH was 6 (Fig. 2) (Fig. 3 ). An autoradiograph analysis of the product distribution in these assays indi- Molarity of the various buffers tested were: (a) 60 mm for MES-NaOH; (b) 60 mm for Tris-maleate; (c) 100 mm for Tris-HCI; and (d) variable mm for citric acid-Na2HPO4. The citric acid-Na2HPO4 buffer solutions were prepared as described by McKenzie 61, 1978 cated that the only labeled lipids were 14-'4CJcholesterol and ester. Figure 4 shows that 0.8 mm digitonin completely inhibited steryl ester biosynthesis after its addition at 30 min.
Cholesteryl [1-_4C]palmitate was not readily hydrolyzed when the standard assay conditions employed in these steryl ester biosynthetic studies were used. The little hydrolysis that did occur appeared to incorporate label from cholesteryl [1-`4C]palmitate directly into 1,2-diglyceride. There was no evidence, however, for cholesteryl [1-_4Cjpalmitate hydrolysis into free cholesterol and free fatty acid. Cholesteryl palmitate at 0.4 mm had no effect on [4-'4C]cholesteryl ester biosynthesis, indicating that there was no product inhibition of the reaction by cholesteryl palmitate at this concentration.
DISCUSSION
The results clearly show that acetone powders of a 20,000g pellet fraction from spinach leaves were able to synthesize [4-1"C] cholesteryl esters from . These studies substantiate the work by Bush and Grunwald (5) 
